Using the immunomagnetic separation procedure, we isolated sorbitol-fermenting (SF) Shiga toxin-producing Escherichia coli (STEC) O157:H ؊ strains from two patients, one with hemolytic-uremic syndrome and the other with diarrhea, and from a dairy cow epidemiologically associated with the patients. The phenotypic and genotypic characteristics of all isolates were identical or closely related. Moreover, the bovine isolate showed a clonal relatedness to SF STEC O157:H ؊ strains isolated from patients in Germany and the Czech Republic from 1988 to 1998. This is the first evidence that cattle can be a reservoir of SF STEC O157:H ؊ and a source of human diseases.
During the last 10 years, sorbitol-fermenting (SF) Shiga toxin (Stx)-producing Escherichia coli (STEC) strains of serotype O157:H Ϫ have emerged as important causes of hemolyticuremic syndrome (HUS) and diarrhea in Germany (1, 8, 9) . In addition to sporadic cases of human disease (8) , two outbreaks of HUS caused by SF O157:H Ϫ STEC strains have been identified. The first outbreak, in 1988, lead to the discovery of the pathogen (9) . The second outbreak occurred in the winter of 1995 to 1996 and included 28 HUS cases, three of which were fatal (1) . Analysis of phenotypic and molecular characteristics of SF STEC O157:H Ϫ strains demonstrated that such strains represent a distinct clone within the E. coli O157 serogroup which shares virulence characteristics with non-SF (NSF) STEC O157:H7 (10) . In 1995, strains belonging to the SF STEC O157:H Ϫ clone were isolated from HUS patients in the Czech Republic (2) , suggesting the ability of this pathogen to spread. Despite the increasing significance of SF STEC O157:H Ϫ in the etiology of HUS and diarrhea, the epidemiology of the infection, including reservoirs and routes of transmission, remains unknown. In contrast to NSF STEC O157:H7 strains, which have cattle as their major reservoir (12) , SF STEC O157 strains have not been found in cattle (9, 10) .
In this study, we isolated SF STEC O157:H Ϫ strains from two patients and an epidemiologically associated cow in the Czech Republic. We compared phenotypic and genotypic characteristics of the bovine and patients' isolates to determine whether the cow was the source of human infections. Moreover, we determined the genetic relatedness of the bovine isolate to SF STEC O157:H Ϫ strains isolated previously from patients in the Czech Republic and Germany in order to investigate whether cattle can be reservoirs of SF STEC O157:H Ϫ strains. The strains investigated are listed in Table 1. SF STEC  O157:H Ϫ strains 258/98 and 269/98 were isolated from two siblings who developed HUS and diarrhea, respectively, following their visit to a dairy farm in Central Bohemia, Czech Republic. During the farm visit on 12 January 1998, both children were exposed to a herd of 32 dairy cows through touching and stroking some of the animals. The younger child (a 15-month-old boy) developed bloody diarrhea on 15 January and was hospitalized for HUS on 20 January. His 6-yearold brother experienced a 2-day period of mild watery diarrhea which began on 16 January. Investigation of fecal samples from the farm cows performed on 25 January 1998 yielded an SF STEC O157:H Ϫ strain (550/98) from 1 of the 32 animals. The SF E. coli O157 strains from the patients and the cow were isolated using the immunomagnetic separation (IMS) procedure (11), followed by slide agglutination with anti-O157 serum (ITEST, Hradec Kralove, Czech Republic) of up to 50 SF colonies from each sorbitol-MacConkey agar (SMAC) plate. The colonies that displayed agglutination were biochemically confirmed as E. coli and shown to produce Stx2 by using a commercial latex agglutination assay (Verotox-F; Denka Seiken Co., Tokyo, Japan). Serotyping by standard procedures identified serotype O157:H Ϫ . All of the isolates were tested for sorbitol fermentation, ␤-D-glucuronidase activity, and the production of enterohemorrhagic E. coli (EHEC) hemolysin according to procedures described by Gunzer et al. (8) and Schmidt et al. (20) . Phage typing was performed according to the procedure described by Khakhria et al. (13) . Since the isolates were nonmotile and their H antigens could not be determined by serotyping, the gene encoding the flagellin subunit (fliC) was detected and characterized using the fliC restriction fragment length polymorphism (fliC-RFLP) method described by Fields et al. (7) . The presence of stx 1 , stx 2 , and stx 2c genes was investigated by PCR procedures described previously (8, 19) . The location of stx 2 was determined by hybridization of EcoRI-digested genomic DNA with digoxigenin-labeled stx 2 probe (6). The intiminencoding eae gene was detected using primers SK1 and SK2 (19) and further characterized using primer pairs SK1-LP2, SK1-LP3, SK1-LP4, and SK1-LP5 (16), which are specific to eae types ␣, ␥, ␤, and ε, respectively (16). The P-gene profile, which reflects the number and positions of lambdoid phages in the genome, was determined as described by Datz et al. (6) . Pulsed-field gel electrophoresis (PFGE) was performed according to the PulseNet protocol of the Centers for Disease Control and Prevention (17) , except that the gel running time was increased to 40 h. PFGE patterns were analyzed using the RFLPscan software (Scanalytics; CSP Inc.). Plasmid profiles were determined as described previously (22) . The presence of plasmid-encoded putative virulence genes (EHEC hly, katP, espP, and etp) was investigated by PCR (4, 5, 20, 21) and by hybridization of plasmid DNA digested with BamHI or SmaI with digoxigenin-labeled probes (22) .
Four representative SF STEC O157:H Ϫ strains isolated from patients in Germany and the Czech Republic during 1988 to 1998 (Table 1 ) and a control STEC O157:H7 strain, EDL 933 (15), were investigated by the same procedures. Stx-negative SF E. coli O157 strains 1083-36/91 (O157:H45) and 693/91 (O157:H19) (2), isolated from infants with diarrhea, were used as controls in fliC-RFLP and PFGE.
As shown in Fig. 1 plasmids in SF STEC O157:H Ϫ strains. None of the SF STEC O157:H Ϫ strains harbored the full spectrum of the plasmidencoded genes found in a prototype STEC O157:H7 strain, EDL 933 (Table 1) .
The clonal relatedness of SF STEC O157:H Ϫ isolates was investigated using PFGE. As shown in Fig. 2 , the PFGE pattern of the bovine isolate (lane 3) was closely related to the patterns of the two epidemiologically related human isolates (lanes 1 and 2) as well as to the patterns of the four representative, epidemiologically unrelated, human SF STEC O157:H Ϫ isolates (lanes 4 to 7). In contrast, the PFGE patterns of the bovine and all human SF STEC O157:H Ϫ isolates differed markedly from the patterns of all of the control E. coli O157 strains, including NSF STEC O157:H7 strain EDL 933 (Fig. 2,  lane 8) and two SF Stx-negative strains of serotypes O157:H45 (Fig. 2, lane 9) and O157:H19 (Fig. 2, lane 10) . Analysis of the PFGE patterns by the RFLPscan system (Fig. 3) demonstrated that all seven SF STEC O157:H Ϫ strains, including the bovine and human isolates, belonged to one cluster but were only distantly related to NSF STEC O157:H7 strain EDL933 and to the SF Stx-negative E. coli O157:H19 and O157:H45 strains. Taking these findings together with the other chromosomal characteristics, it can be concluded that the SF STEC O157:H Ϫ isolates of bovine and human origin belong to one clone complex. The observed differences in the gene composition of large plasmids in strains of the same clone can be due to the loss, acquisition, or exchange of plasmid DNA during lateral transfer of these mobile elements.
By demonstrating the clonal relatedness between SF STEC O157:H Ϫ strains isolated from a cow and patients, we provide the first evidence that cattle can be a reservoir of SF STEC O157:H Ϫ strains and a source of the infection for humans. Importantly, the bovine SF STEC O157:H Ϫ isolate contained both stx 2 and eae type ␥ genes, which are the virulence characteristics possessed by NSF and SF STEC O157 strains isolated from patients (3, 8, 16) (Table 1 ). This strongly supports the pathogenic potential of the bovine isolate for humans. On the other hand, the bovine isolate and both epidemiologically related SF STEC O157:H Ϫ strains isolated from patients lacked the plasmid-encoded putative virulence genes ( Table  1) , suggesting that these genes may not be significant in the genesis of human disease or that they have been lost during infection or storage.
Both patients in this study were likely to be infected through direct contact with the cow that shed the SF STEC O157:H Ϫ strain in its feces. This observation is in agreement with previous reports on direct transmission of STEC O157:H7 from cattle to humans (12, 18) with cattle, is an important risk factor for acquiring STEC infection (14) .
The failure to isolate SF STEC O157 strains from cattle in previous studies that used molecular techniques (9, 10) was probably due to the fact that such techniques are 100-to 1,000-fold less sensitive than the IMS procedure (11) that was used for the detection of SF E. coli O157 strains in this study. However, despite the fact that we introduced the IMS enrichment step, subsequent identification of SF O157 colonies on SMAC plates was a laborious procedure that required slide agglutination of almost 50 colonies per plate. The widespread distribution of the SF STEC O157:H Ϫ clone in central Europe (2, 8) and the emergence of cattle as a reservoir of such strains thus place significant limitations on using SMAC as the sole method for detecting STEC O157. This, combined with the fact that SF STEC O157 strains do not express EHEC hemolysin (2, 8) (Table 1 ) and thus cannot be detected on enterohemolysin agar (20) , accentuates the need to develop a selective medium for such strains. Additional studies using appropriate diagnostic methods are necessary to determine the significance of cattle as a reservoir of SF STEC O157:H Ϫ and to further investigate the epidemiology of the infection.
